In any management organization, there are innumerable processes developed by people or machines. Any organization can be considered as the sum of small processes developed by qualified agents that aim at obtaining certain objectives set by the information system (IS) (Guevara et al. 1995) . Companies in the tourism sector also adhere to this structure. On the other hand, they also deal with processes that require very specific treatment, strongly focused on providing high-quality global services to ensure a high degree of satisfaction in their clients.
Currently, companies that are seeking better performance and becoming more competitive make use of computer systems that support the processes needed for their activities (Inkpen 1994; Sheldon 1997; Werthner and Klein 1999) . Many of these processes are crucial for the company, and in the case of tourism, the process chain is so interlinked that failure in one of them can cause a system collapse with consequent poor service to the client (Poon 1993) . In other words, the infrastructure of the company is formed by the sum of all the processes developed in it. Their efficient process management permits the improvement of products and services, reductions in costs, and consequently an increase in competitiveness.
However, not all the processes taking place within a business are included in the information system. This means that the structure of tasks and the workflow is not explicitly documented but, rather, implicit in the way agents act.
Workflow technology and workflow management systems (WFMSs) are based on several disciplines, among them computer supported cooperative work and office information systems (Rodden 1991) . They include a set of technological solutions that allow us to automate work processes previously described by a formal model. Also, these technologies are very useful for facilitating business processes reengineering (BPR).
Companies from the tourism sector can greatly benefit from this technology. Workflow technology is perfect for this kind of business because the work developed in them has a cooperative nature; that is, there are many agents working in cooperation for a common aim, and such collaboration has to be orchestrated (Caro et al. 1997) . The research group Cooperative Information Systems at Málaga University (SICUMA) is applying workflow technology to the tourism sector.
This research note presents our modeling methodoloy and how it is applied to an airport (in concrete terms, the processes taking place at Málaga airport). The present work applies workflow technology to the relationships established when a client flies with an airline company, from the moment of reservation and booking to the moment of landing at the destination.
WORKFLOW
Workflow is a technology that allows us to model workflows in a company and provides a framework for their execution, control, and reengineering (Cichocki et al. 1997 processes in which humans do not take part to those fully carried out by people (Caro et al. 1998) .
The Workflow Management Coalition (WfMC 1996) defines "workflow" as "the automation of a business process, in whole or part, during which documents, information or tasks are passed from one participant to another for action, according to set of procedural rules." Although the main area of application of this technology is the business world, many authors extend its use to any situation in which cooperative processes take place. Rusinkiewicz and Sheth (1994) define "workflow" in a more generic way, as a set of activities that include the coordinated execution of multiple tasks done by different processing entities to arrive at a common objective.
The technology workflow is used for (Caro et al. 1998 ) (1) routing work processes within a single organization and between organizations (e.g., travel agency-airline company), (2) reducing costs by means of automation, (3) improving work processes and obtaining faster services and more quality by the use of reengineering, (4) monitoring and managing work processes, and (5) accelerating product development cycles.
WFMS
WFMSs are the application, in the form of software, of all these techniques. In more specific terms, a WFMS (WfMC 1996; Lawrence 1997 ) is a system that automatically defines, creates, and manages the execution of workflow models by using one or more coordinated engines responsible for interpreting process definitions, interacting with agents, and when required, invoking the use of the other information systems involved in the work.
A WFMS is made of a large set of software modules, which can be classified in the following way (see Figure 1 ) (Schael 1998 ).
• Tools for workflow modeling: These are used for explicit and formal modeling of tasks to be done, the organizational structure of the company, agents, and so on.
• Tools for workflow construction: These are used to build workflow applications, and they are based on the models obtained with the definition tools. Among these software tools, we find a process definition tool, an organizational structure design and agents' characteristic tool, and reengineering and simulation workflow modules.
• Workflow engine: This is the main component for executing a workflow application. This tool is responsible for orchestrating, executing, monitoring, and managing every single task, agent, information system, instance of work processes, and so forth, that comes into play in the WFMS. We could say that it is the true heart of the system. • Client applications: These are computer applications used by agents of the WFMS to carry out their task.
• Inherited applications: These are applications already existing in the infrastructure of the company that should be integrated in the WFMS.
The implementation of a WFMS will provide a series of competitive advantages (Caro et al. 1999): (1) formal modeling of processes, (2) a proper framework for BPR, (3) better planning and possibility of simulation, (4) adaptability, (5) increase in satisfaction, (6) better control of processes, and (7) restoration of the system after failures and/or exceptions.
MODELING METHODOLOGIES
The fundamental basis of a WFMS is its capacity to formally model reality. Before implementing a WFMS, it is necessary to use a modeling methodology that will facilitate the following functions: (1) identification, representation, and understanding of the processes; (2) analysis of processes; (3) communication between processes, establishing a shared ground for the organizational investigation; (4) simulation (to find bottlenecks) and implementation (to carry out a correct implementation of the workflow); and (5) documentation to ensure quality.
In general, any workflow modeling methodology not only has to specify how the work flows, but it should also include other information from three main perspectives (Cichocki et al. 1997) : functional perspective, behavior perspective, and organizational perspective.
Process modeling languages have very different structures and capabilities. We can identify up to two main groups, depending on the methodology or tool used for modeling (Carlsen and Gjersvik 1997) .
Methodologies based on activity or traditional models based on input process output. Basically, they describe work processes as a network of activities, such as stages that transform inputs into outputs. Three main ways of executing the tasks are identified: sequential, parallel, and conditional. In some cases, the repeated execution of tasks is added (WfMC 1996) .
Approaches based on communication. The methodologies based on communication have their origin in the Searle's (1975) theory known as "speech-act." Among them, we can include the "conversation for action" methodology, an evolutionary step from the tool The Coordinator (Winograd 1988; see also Medina-Mora et al. 1992) .
PROCESS MODELING LANGUAGE
The research group SICUMA has developed a combined methodology for process modeling that takes advantage of the characteristics of the main process modeling languages and is oriented to tourism information systems (Caro et al. 1999) .
We have developed a system of logical formulation oriented to processes and centered on a client-server architecture (Schuster et al. 1994) . Also, we have incorporated logical and formal elements that are characteristic of a methodology based on constraints. We have taken into account the needs of companies of the tourism sector using an efficient and process-oriented information system, which is appropriate to their necessities, as well as to the requirements of users and clients.
JOURNAL OF TRAVEL RESEARCH 221

Execution Equations
Let A and B be two activities, then the following executing primitives will be defined.
• Sequential or serial execution-activity B is executed after A has been executed:
(1)
• Parallel execution-A and B are executed in parallel:
• Conditional execution-workflow A is executed if condition cond() (first order logic formula) is true, or otherwise, B is executed:
• Repeated execution-action A is executed in two ways, either while the condition (specified in first-order logic) is true or specifying it a certain number of times (expressed by a v that take values in K set):
Workflow Triggers
A trigger refers to the way workflows are activated. Basically, there are four ways to trigger a workflow (see Table 1 ).
• Manually: This is the case when the workflow is activated by the action of a human agent. An example of this kind of trigger is the moment the luggage is checked in at the airport.
• Temporal: The workflow is triggered under a temporal condition. For example, the data transfer at 00:00h from the airline's information system into a file to prepare check-in of a given flight (FILE_SY).
• Automatically by the system: The automatic execution of the workflow. For example, online updating by the 222 NOVEMBER 2000
FIGURE 1 WFMS ARCHITECTURE
Note: WFMS = workflow management system. GDS of the database regarding the flights offered by a given airline company.
• By an event: The workflow is triggered by an external event such as message, a phone call, or a fax. For example, the request of a reservation via fax by a client.
Definition of a Workflow Map
The definition of the workflow map has to be understood as a generic class, which is instantiated by the workflow engine. The format of the simplified definition of a workflow will be the following (eq. 5):
[ ] 
where there is a trigger that indicates under what conditions the workflow is executed, followed by an identification tag of the workflow (at the top the client, and at the bottom the server). On the right side of the equality sign, the formula corresponding to the workflow definition is described. We call "primitive workflow" a workflow that is not defined as a function of any other workflow, and so, it is a workflow that has to be executed by an agent (whether or not human) without the need for further definition. On the other hand, an "optional workflow" is defined as a workflow that can be instantiated 0 or 1 times when the time comes for it to be executed (eq. 6). workflow_id* (6) By expanding the previous definition, if the identifier workflow appears marked with a number, then this will indicate the number of times it can be instantiated. 
MODELING THE RELATIONSHIP BETWEEN THE AGENCY, AIRPORT, TRAVELER, AND AIRLINE: AN EXAMPLE OF APPLICATION
In this section, we will present an application of our modeling methodology. First, the main agents that are going to take part in our workflow should be identified: (1) the client, (2) the travel agency, (3) the CRS/GDS, (4) the airport, and (5) the airline company.
To begin modeling, we will define a workflow of 0 level called TRAVEL-PLANE. This workflow has the traveler as the client and the travel agency (AAVV) as the server. The workflow TRAVEL-PLANE is triggered either manually by the client arriving at the travel agency or by the arrival of an external event to the travel agency, such as a fax or e-mail with a reservation request. 
In Equation 8 , we see that this flow can be broken down into four stages: reserving and/or booking the flight, issuing the ticket, the actual flight, and the account settlement. We can assume that the settlement between the agency and the airline company is done in parallel; although in fact, this is usually done periodically.
To better understand the model, we will divide the modeling process into three sections that correspond to the different stages of the trip: reservation and purchasing the ticket, the flight, and settlement.
Stage 1: Reservation and Purchasing the Ticket
The reservation is made via the CRS/GDS (eq. 9). In this workflow, we show the communications established between the AAVV and the CRS/GDS. The AAVV makes an enquiry to offer several flights to the client. The workflow is finished when the client accepts or refuses the proposals. If the proposal is accepted, a reservation is made; otherwise, the workflow ends. The following step (within this stage) includes the steps involved in making a reservation in the CRS/GDS. The CRS/ GDS is connected online to the airline information system in such a way that it can directly update the information in it (up to 20 minutes before the flight is scheduled, it is possible to make reservations) (see Figure 2) . The CRS/GDS (eq. 10) updates the database and generates a PNR (Passenger Number Record), a reference to identify the reservation made by the agency that afterward will also serve to identify the ticket. The last workflow to be done is ReservationGDS-AL, which will record in the Airline IS (ALIS) the reservation stored in the GDS (eq. 11). 
The updating of the database is done in two different ways: (1) updating the preliminary flight file for the following day (FILE_SY), and (2) without updating the file.
The airline at the airport does a preliminary dump of the file containing daily flights (at 00:00h) to generate some reports. This file includes records of important data regarding the flights for the day and the following day. Also, basic JOURNAL OF TRAVEL RESEARCH 223 A message reports regarding the flights can be extracted from it. The SY report is one of them, which is needed for starting the check-in for the day's flight, including the list of passengers and the BOSTA (a reservation distribution report by class) that includes the reservation status for in-house information. From this preliminary file, another SY is generated 2 hours before the flight, which is accessible from the airport and is coordinated with the rest of the airport services. The SY report stores updated information regarding the boarding gate, passengers who have gone through the check-in, the number of children younger than 12, people requiring special care, and so on, that is, the whole content of the flight. This list is continuously updated to enable the sale of new tickets and the booking of seats up to 20 minutes before takeoff time. Therefore, if the reservation is made less than a day ahead (after the dump to the airport system), the file generated by the SY must be automatically updated to keep accurate data of the flight.
Finally, after dealing with all these activities, the travel agency can issue the ticket and record the transaction made in the CRS/GDS database and the airline database (eqs. 12 and 13). 
Stage 2: Flight
In this stage, the client arrives at the airport with his or her ticket (either in hardcopy or in electronic form facilitated by the PNR) and begins the preparation for the flight. The main workflow is FLIGHT, which includes all the workflows involved, from the check-in to the actual flight (whether this involves direct or transit passengers in several airports). This workflow is divided into four sequential workflows: (1) client check-in, where he or she is provided with a boarding card and the luggage is checked in; (2) preparation for the flight; (3) once the flight is ready, passengers board and the plane takes off to its destination; and (4) flight destination. These tasks, as we point out in the following paragraphs, are quite complex because they involve many departments and there must be a rigorous order to keep it safe and maintain coherence in the flight listings.
The process of loading the luggage (eq. 15) is divided into several phases that take place sequentially in the time. First, the check-in counter opens up to 2 hours before the flight for ordinary luggage to be checked in, and then, final check-in time is allocated for clients on the waiting list and/ or arriving late. At the end of the process, a provisional list of the passengers who have checked in is generated. (15) In "regular check-in" (eq. 16), the client (with a ticket and not on the waiting list) reaches the check-in counter, receives the boarding card, and his or her luggage is checked in. In this stage, two files are updated: the in-house list of passengers that have checked in and the loading-sheet needed to identify the luggage to be loaded into the plane. (but who have a ticket) or from the waiting list (the sale is already closed). Next, the "Final check-in" begins with the following priorities: first, passengers arriving late and, second, passengers on the waiting list who have arrived at the counter in the previous stage (but without a ticket). Once these passenger are dealt with, we proceed to Final check-in closed-off. Once the flight has finally been closed off, we move into preparing for the takeoff. This is an in-house workflow; that is, the client is not aware of what is going on, although the process is crucial for the success of the flight and the actual client. In this step, the luggage is loaded onto the plane, and the relevant reports are made in the loading and balancing sheet for the cabin crew. Also, a PTM, including a list of all transit passengers onboard, is generated. This is needed for transferring transit passengers in the different airports. Other reports are also generated, which will go to the plane crew, such as the PIL, where passengers with special needs or status-for example, handicapped, VIP-are listed (eq. 18). The workflow LoadPlane (eq. 19) has as a server entity the loading and unloading department. It includes three stages. The first stage is the preliminary generation of a loading sheet, which takes into account the list of passengers, crew, and fuel. Once the weight permitted is calculated, the luggage is examined, and if all cannot go in, the right amount will be selected. 
Next, the luggage is loaded into the plane and properly balanced. Once the task is finished, a loading and balancing sheet is sent to the cabin. When the whole loading process ends, a PTM is sent to other airports. In this report, all transit passengers and the amount of luggage they carry is listed. Also a PIL, including passengers with special needs, is generated and will be sent to the cabin crew and the boarding department.
Once the flight is fully ready, passenger boarding takes place (although these tasks can happen simultaneously). In the workflow Boarding (eq. 20), the passenger gets into the plane. First, the boarding count terminal is switched on, and the boarding operation is recorded in the computer system according to the list of passengers who have checked in. The definitive passenger list is updated, and the boarding procedure is closed off. 
The workflow FlightToDestination involves a set of navigation tasks, which are not modeled in this work.
Stage 3: Settlement
In this last stage (eq. 21), we deal with the settlement of the plane tickets between the corresponding companies. The accounts department picks up a package called the PDA, which includes the plane tickets and the boarding cards that have been actually used. This PDA is sent to the main airline company offices where the administration department will take charge of it and make a periodical settlement with the agency.
[੬] Settlement ACCOUNT ADMINDept AAVV − .
::= {Pick_upPDA; RecordPDA;
sendPDA_Admin. Dept;SettlementAgency} (21)
All the processes described are controlled by the WFMS, which facilitates coordination, control, and administration of tasks.
